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Introduction 1
Belonging to the group of diseases known as transmissible spongiform 2 encephalopathies (TSEs), bovine spongiform encephalopathy (BSE) has been causally 3 associated with a new variant of Creutzfeldt-Jakob disease (vCJD) in humans. To effectively 4 protect consumers from contracting vCJD, European legislators have set up numerous 5 guidelines to reduce risk, in which national eradication programmes including the area-wide 6 BSE testing of cattle and the prohibition of the use of specified risk material (SRM, e.g. brain 7
and spinal cord) of cattle, sheep and goat in the food chain have become of particular 8 importance. SRMs are age-dependent and their use is defined in the regulation (EC) No. This study focussed on the validation and the standardisation of a real-time reverse 20 transcriptase polymerase chain reaction (RT-PCR) assay for the species-specific detection of 21 bovine, ovine and caprine CNS tissues in raw and heat-treated meat products. The evaluation 22 of the tissue specificity was based on up to 15 bovine tissues. In addition, real-time RT PCR 23 and two commercially available ELISA kits were compared for their efficiency in detecting 24 BSE pathogens in artificially contaminated minced meat. 25
Materials and Methods 1

Parameters of the real-time PCR assay 2
The real-time PCR-based method used was standardised and validated according to 3 the requirements of the ISO documents TAG 3 N 145 rev, ISO TC 34/SC 9 N containing 4 general requirements for real-time PCR (anonymous, 2006a) and ISO/CD TAG 3 N 0144 rev, 5 ISO TC 34/SC 9 N ISO/CD containing general performance characteristics of molecular 6 detection methods (anonymous, 2006b). The parameters of the real-time PCR assay are 7 summarised in Table 1 . Two-step reverse transcriptive PCR was carried out as described 8 previously (Schönenbrücher et al., 2004a; Abdulmawjood et al., 2005) . For diagnostic quality 9 assurance, an internal amplification control (IAC) was included to avoid false negative 10 results. Briefly, the RNeasy ® Lipid Tissue miniKit (Qiagen, Hilden, Germany) was used to 11 isolate total cellular RNA. To achieve an efficient cell lysis, the mixture of the sample or the 12 swab with the Qiazol lysis reagent (Qiagen, Hilden, Germany) was transferred to a glass 13 matrix tube (FastRNA Green, Q BIOgene, Heidelberg, Germany) processed in a spin/rotation 14 instrument (FastPrep ® -120; Q BIOgene, Heidelberg). The total cellular RNA was 15 subsequently reverse transcribed into cDNA using the TaqMan  ® Reverse Transcriptase  16 Reagents kit with UNG (Applied Biosystems, Darmstadt, Germany) according to the 17 manufacturer's protocol. The transcribed cDNA was stored at -20°C until further use. 18 19
Collection of tissue samples and quantification of GFAP content 20
To estimate tissue specificity, 15 bovine tissue samples from 3 different animals were 21 collected at an abattoir in Giessen, Germany, and immediately processed according to the 22 aforementioned protocol. The material included brain, spinal cord, peripheral nerves (in 23 particular sciatic and axillary nerves), fat, heart, kidney, liver, lung, lymph nodes, muscle, 24 spleen, adrenal gland, pancreas, parotid gland and thymus. Total cellular RNA of each tissue 25 sample was prepared 3 times; all real-time PCR runs were performed in triplicate, resulting in 1 a set of 27 quantitative data per sample. The absolute quantification was standardised by 2 using a standard curve out of a serial dilution of a known bovine brain GFAP cDNA standard 3 in triplicate (Figure 1 peripheral nerves (in particular sciatic and axillary nerves), heart, kidney, liver, lung, lymph 7 nodes, muscle and spleen was evaluated. 8 9
Production of internal reference material (IRM) 10
Minced meat and cooked sausages were prepared according to recipes provided in the 11 guidelines of the German Food Code (Bundesanzeiger, 1994) and artificially contaminated 12 with low concentrations of bovine brain homogenate. Minced meat (50% pork, 50% beef) 13 with 0.1% (duplicate), 0.2%, 0.5% and 1% of CNS tissue was prepared. Two batches of raw 14 IRM were prepared and stored at <+2°C for 14 days. Samples without CNS tissue and bovine 15 brain homogenate were processed using the same protocols for quality-control reasons. 16 The sausages were prepared as described by Lücker et al. (2000) . The sausages were 17 boiled at 120°C for 15 min, representing strong heat treatment, or medium heated at 80°C for 18 90 min. The liver sausages were prepared by homogenising 80% porcine meat and 18% 19 porcine liver. Curing salt (2.5g/kg), emulsifier (0.5g/kg) and ready mixed herbs (5g/kg, 20 "Kalbsleberwurst Morenoperle", Gewürzmüller, Korntal-Münchingen, Germany) were added. 21
The sausage meat was put in cans and heated for 60 minutes at 80°C. The liver sausages were 22 then stored at <+10°C. All RNA preparations were done in duplicate. 
Results 11
The oligonucleotide primer sequences were combined with a TaqMan systems allowed the detection of 0.5% of bovine brain over the 14-day testing period (Table  25   g   x 2). The real-time PCR protocol still enabled the correct detection of as little as 0.1% CNS 1 tissue after 14 days. With regard to the criteria described in Table 1 Since food matrices vary considerably, sample preparation is a crucial step in mRNA 4 assays. Different sampling techniques were evaluated in which swab sampling was seen as an 5 easy-to-use technique for the examination of surfaces. An initial weight of 100mg is 6 recommended for processed meat and heat-treated meat products (Table 1) . 7 8
Examination of the tissue specificity including absolute and relative quantitative 9 measurements 10
The absolute and relative expression levels of GFAP mRNA were determined. The 11 applicability of the standard curve used for absolute quantification (Figure 1 levels of GFAP in non-neuronal tissues could be detected (Figures 2 and 4) . A GFAP signal 24 obtained from 100% adrenal gland tissue corresponded to 0.1% bovine brain, examined by 25 absolute quantification. A low signal was also measured in fat, which could only be explained 1 by a minor contamination of this tissue by peripheral nerves during sampling. As can be seen 2 in the C t -values generated (Figure 3) , the diagnostic sensitivity was not affected by the low 3 GFAP mRNA content described above. 4 Blot analysis after meat processing, which also included the addition of spices as well as heat 4 treatment and took storage stability into account. 5 By using gas chromotography-mass spectrometry (GC-MS), Lücker et al. (2004) 6 identified cerebronic acid as a reliable target for the tissue-specific detection of CNS tissues in 7 meat products. The technique offers the potential for the species-and also the age-dependent 8 quantification of the CNS content. Therefore, several analytical steps are required. At first, the 9 identification of a CNS positive sample can be achieved by using cerebronic acid. The 10 relationship of isomers of the tetracosenic acid is used to investigate species and age of the 11 As an important part of public health concerns, the EU recommends the development 24 of reliable methods for the detection of CNS in food. The specific detection of CNS tissues of 25 banned animal species using the real-time PCR-based method presented here can be 1 conducted in a single run. Porcine CNS tissues can be specifically detected in a second real-2 time PCR assay (Schönenbrücher et al., 2004b) . As far as the authors know this is the first 3 report that evaluates a real-time PCR-based method in conjunction with a multicentre trial 4 according to ISO requirements and it is also the first report that compares it with two 5 commercially available ELISA kits. This study showed that, in minced meat, the GFAP 6 mRNA target region remains detectable with RT-PCR after several days of storage. With 7 regard to potential economic consequences for the meat-producing industry, should a CNS 8 positive sample be detected, there is a very low risk of obtaining false positive and false 9 negative responses. 10
The validation data presented here offer a highly suitable method for routine use as 11
well as a large sample throughput test. However, a further multicentre trial considering the 12 sample preparation will have to be conducted before the method can be put into routine 
